The present study aimed to assess calcium intake, dietary sources of this nutrient and its adequacy with respect to the dietary reference intake (DRI) in a representative sample of Spanish adults. In this study 418 adults (18 to 60 years) from 15 Spanish provinces were studied. Energy and nutrient intake were determined using a 24-hour recall questionnaire for two days. Adequacy of calcium intake was assessed using the established DRI for calcium. Anthropometric data (weight and height) were measured and the body mass index was calculated. Seventy eight percent of the participants in the study did not meet the DRI for calcium. Additionally, 33.7% of the participants did not meet the 67% of the DRI. The daily intake of calcium was 916.6 ± 288.1 mg/day, which represented the 81.3% of the DRI of calcium. Interestingly, subjects who had higher intake of calcium were taller. Additionally, it has been observed that individuals with normal body weight (BMI < 25 kg/m 2 ) had higher intakes of dairy products in comparison with overweight and obese individuals (BMI ≥ 25 kg/m 2 ). The main food sources of calcium were dairy products (58.7% of calcium), cereals (13.6%) and vegetables (6.5%). Less than 1% (0.5%) of the calcium intake came from dietary supplements. It was observed that individuals who met the DRI for calcium had a significantly higher intake of dairy products (551.3 ± 240.4 g/day) than individuals who did not meet the DRI of calcium (305.0 ± 150.3 g/day). Calcium intake was inadequate in this sample of the adult Spanish population. Therefore, an increase in the consumption of dairy products, as well as cereals, vegetables and food items fortified with calcium seems to be necessary to achieve an adequate intake of calcium and to prevent diseases caused by calcium deficiency.
Introduction
Calcium plays an important role strengthening the bones and preventing bone related diseases such as osteoporosis [1] . An adequate intake of calcium has been associated with the prevention of obesity, hypertension [2] [3] [4] , type 2 diabetes [2, 4, 5] and dyslipidemia [2] . Several studies performed in Spain and Europe, have observed that calcium intake was generally below the dietary reference intake (DRI) due principally to a low consumption of dairy products [6] [7] [8] [9] . Although dairy foods are valuable from a nutritional standpoint and epidemiologic studies have been suggested that they may have favorable effects on body weight in adults [10] , recently tendencies indicate that the dairy consumption is only justified during infancy [10] [11] [12] . These tendencies have been led to reduce or avoid the dairy products consumption in some groups of adults, which may negatively affects the intake of different nutrients and particularly the calcium intake [10, 12] . There are few studies that have assessed calcium intake in a representative sample of the Spanish population. Therefore, the main aim of the present study was to assess calcium intake and its adequacy with respect to the DRI. In addition, the main dietary sources of calcium were identified.
Material and Methods

Material
A group of 418 adults (196 men and 222 women) with ages ranging from 18 to 60 years were selected as a representative sample of the Spanish adult population as whole. All data were collected from January to September 2009.
The sample size was calculated, taking into account data provided by the Spanish Intersalt study [13] , to be representative for each gender, assuming a dropout rate of 25%. The initial sample size required was set at 406 participants. Sampling was performed in fifteen randomly selected provinces (selected with the proviso that the great majority of Spain's autonomous regions were represented), including the capital city of each province and a semiurban/rural town (randomly chosen). The total number of cities/towns included was 30. The participants on each sampling point were divided into six subgroups, taking into account their gender (male/female) and age (18 -30, 31 -44 and 45 -60 years).
All selected participants were healthy and lived in their own homes; neither hospitalized people nor those living in institutions were included in the present study. Individuals with a diagnosis of diabetes, hypertension or renal disease, or who had been prescribed diuretics, were excluded.
The present study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures were approved by the Ethics Committee of the Faculty of Pharmacy (Universidad Complutense de Madrid, Madrid, Spain). Written informed consent was obtained from all subjects.
Participants were randomly selected among the residents of each population and were invited to take part in the study via telephone (or in person in some of the rural areas). In each of the 30 sampling areas, when a participant was excluded at any site, or when participation was declined, another person of the same gender and age group was recruited. A group of 1835 individuals were initially recruited, where only 492 (26.8%) accepted to take part in the study. From these, 74 individuals were excluded. The final study sample size was 418 participants (53.1% women) (22.8% of the originally contacted sample).
Methods
All participants received the same instructions to complete the questionnaires. All the measurements were carried out by trained personal following the same protocol.
Dietary Information
Food intake was determined using the 24-hour recall method on two consecutive days [14] . Participants were asked to write all foods consumed on the preceding days (where appropriate the brand of these foods were also registered). They indicated the size of the servings consumed (approximate weights or household measures [cups, bowls, plates, etc.]), whether these weights or sizes corresponded to raw or cooked food, with or without bone or skin, etc. In addition, participants completed a questionnaire where they indicated the consumption of dietary supplements and manufactured dietary foods.
The energy and nutrient intake were then calculated using the DIAL software [15] , which uses the Food Composition Tables of the Department of Nutrition, Complutense University of Madrid [16] . The participants' calcium intake was compared with the DRI for calcium [17] . The number of servings of the different food groups consumed by participants was calculated by dividing the grams of the food consumed by the size of the standard serving [16, 18] , and these were compared with the recommended servings described in the Dietary Guidelines for the Spanish population [19] .
The dietary data have been validated considering the discrepancy between each individual energy intake and the estimated energy expenditure. The estimated energy expenditure was determined taking into account the participants' weight, sex and age (for the calculation of the basal metabolic rate) and the physical activity coefficient. The discrepancy was determined with the following equation:
  Theoretical energy expenditure energy intake 100
Theoretical energy exp enditure
 
In individuals with stable body weight, energy intake should be similar to the estimated energy expenditure and the gap between these values can be used as an indicator of undervaluation/overvaluation of intake. In some cases, individuals that take part in a nutritional study modify their nutritional intakes. Although the recorded intake is real, the discrepancy in energy intake and expenditure may suggest a departure from the usual intake [20] .
Once calcium intake has been established, the food sources of calcium were assessed to identify the most important sources of the mineral. The contribution of each food to total calcium intake has been calculated by adding the amount of calcium provided by each specific food and dividing by the total intake of calcium, all multiplied by 100 [21] .
Anthropometric Information
Weight and height were determined using a digital electronic scale (Seca Alpha, GmbH & Company, Igni, France; range 0.1 -150 kg, precision 100 g) and a Harpenden digital stadiometer (Pfifter, Carlstadt, NJ, USA; range 70 -205 cm, precision 1 mm). For both measurements, participants were barefoot and wore minimal clothes, in agreement with the norms set up by the World Health Organization (WHO) [22] . Body mass index (BMI) was calculated and used to classify the individuals following the WHO classification (normal weight: BMI < 25 kg/m 2 , overweight: BMI ≥ 25 kg/m 2 and BMI < 30 kg/m 2 and obesity: BMI ≥ 30 kg/m 2 [22, 23] .
be done sitting or standing), 2.5 for light activities (e.g. walking), 5 for moderate activities (e.g. playing tennis, skiing and dancing) and 7 for intensive activities (e.g. cutting down trees and playing basketball). The weekday coefficient was multiplied by 6, the Sunday coefficient was then added to the weekday result and the total was divided by 7. This provided a final activity coefficient for each participant, which was multiplied by the basal energy expenditure estimated with the WHO formulae [25, 26] to provide the estimated daily energy expenditure for each participant.
Statistical Analysis
All data were presented as the mean ± standard deviation.
The differences between genders were assessed using Student t-test with quantitative data where the data was normally distributed, using the Mann-Whitney test otherwise. Chi-square test was used to assess the differences between genders in the qualitative variables. Two-way ANOVA test was used to assess the differences within the studied variables using gender and the achievement of the DRI of calcium. Due to the inter-correlation of energy intake with nutrients, an adjustment of the nutrients using the residual method of Willet [27] was performed. The statistical significance was set at P < 0.05. All calculations were made using the statistical software Rsigma Babel (RSIGMA 2.0 BABEL, 1992, Horus Hardware; Madrid, Spain)
3. Results Table 1 shows the participants' characteristics. There were no differences in age between gender groups. However, males' height, weight and BMI were significantly higher compared with the female participants. Interestingly, 48.9% of the study sample presented weight excess (35.3% overweight and 13.6% obesity). Male participants had higher percentages of weight excess problems (overweight: 43.9% and obesity: 16.4%) compared with the female participants (overweight: 25.7% and obesity: 11.3%). The mean daily intake of calcium was 916.6 ± 288.1 mg/day), which represented the 81.3% of the DRI for calcium. Seventy-eight percent of the participants did not meet the DRI for calcium, with intakes lower than the 67% of the DRI's in 33.7% of the participants. Protein intake was 89.4 ± 16.4 g/day, which met in excess the DRI for this nutrient. However, the calcium:protein ratio (10.4 ± 3.2 mg/g) and the calcium:phosphorus ratio (0.62 ± 0.15 mg/mg) did not meet the established optimal values of 20 mg/g for calcium:protein ratio and 1 -2 mg/mg for calcium:phosphorus ratio in 98.5%, 98.8% of the participants, respectively.
The major source of calcium was provided by dairy products (58.7% of calcium). Other sources of calcium were cereals (13.6% of calcium), vegetables (6.5%), fruits (4%), fish (3.9%), non-alcoholic beverages (2.8%), meat (2.6%), pulses (1.8%), sugars (1.8%) and eggs (1.7%). Interestingly, less than 1% of calcium (0.5%) was provided by dietary supplements ( Table 2) .
Participants were classified whether they met the DRI for calcium intake or not. Participants who met the DRI for calcium intake and those who did not meet the DRI had mean calcium intakes of 1300.7 ± 231.0 mg/day and 813.5 ± 203.7 mg/day, respectively. The calcium:protein and calcium:phosphorus ratios were also higher in the participants who met the DRI for calcium intake compared to the participants who did not meet the DRI. Interestingly, the study revealed that adults with an adequate intake of calcium were taller than the ones with calcium intakes lower than the DRI ( Table 3) . There were also differences between the participants who met the DRI for calcium intake and those who did not meet the DRI in relation with the dietary sources of calcium and the intake of other nutrients. Participants who met the DRI for calcium consumed more servings of dairy products (3.9 ± 1.3 servings/day) than participants who did not meet the DRI (2.1 ± 1.1 servings/day). Additionally, participants who met the DRI for calcium intake consumed more fish and less meat and pulses than individuals who did not meet the DRI (Table 4 ).
Discussion
In the present study, mean calcium intake of the participants was below the DRI in 70% of the males and 86% of females. Calcium intake (917 ± 288 mg/day) was similar to those observed in the Spanish Encat study in 2002 [28] (830 ± 200 mg/day in males and 778 ± 170 mg/day in females). Additionally, other studies in Europe, such that performed by Vriese, et al. [29] in Belgian adults or the study carried out by Hulshof, et al. [30] in Dutch young adults had similar calcium intakes.
Calcium uptake is affected by the intake or the bioavailability of other nutrients such as phosphorus and protein.
In any growth situation or to prevent disease, both calcium and phosphorus are needed to support an optimal increase in bone mass.
Lower calcium:phosphorus ratios are associated with reductions in the bioavailability of calcium [31] .
However, an excess intake of calcium in relation with phosphorus (1.6 -1.8) may reduce the absorption of calcium and other minerals (magnesium, manganese, zinc), resulting in reduced bone mineral densities [32] . The calcium:phosphorus ratio should be 1:1 [33] .
The present study indicated that 98.8% of the sample had a calcium:phosphorus ratio lower than this value. Low calcium:phosphorus ratios may interfere with calcium metabolism, decreasing the absorption of calcium [34] . A study carried out by Teegarden, et al. [35] showed that higher intake of calcium (1200 -1400 mg), resulting in calcium:phosphorus ratios of 1.2 to 1.4, could increase bone mineral density and reduced the risk of bone fractures later in life.
Therefore, an increase of calcium intake combined with phosphorus intakes of 900 -1000 mg would provide the adequate protection against bone disease maintaining an optimal bone metabolism in adult individuals.
The high intake of proteins has been associated with urinary calcium losses, affecting calcium absorption and possibly bone mineral content and density [35] . However, protein intakes below the DRI can be detrimental for bone formation and its conservation through adult life.
Several studies have associated high protein intakes with increased bone mineral content and density and reductions of hip fractures incidence [35, 36] . The present study indicated that the 98.5% of the sample had a calcium:protein ratio lower than 20 mg/g (10.4 ± 3.2 mg/g) [36] , which reveals again a low intake of calcium associated with a high intake of proteins, which may have an adverse effect on the utilization of calcium and maintenance of bone mass.
Interestingly, subjects who had higher intake of calcium were taller ( Table 3) . Although there are other variables influencing the anthropometry of humans, calcium intake and the intake of dairy products have been associated with higher bone mineral densities and content, and taller individuals [34, 37, 38] .
Additionally, it has been observed that individuals with normal body weight (BMI < 25 kg/m 2 ) had higher intakes of dairy products when compared with overweight and obese individuals (BMI ≥ 25 kg/m 2 ). This may be caused by the restriction of dairy products consumption in overweight and obese individuals. However, some studies have observed that dairy product intake did not have a negative effect on body weight [39] , and even helped overweight individuals to maintain a stable body weight and an adequate calcium intake [4] .
The main sources of dietary calcium are dairy products, which was similar to other studies [8, 40] noting the importance of calcium from dairy products in bone mineralization, which is why the contribution must be adequate. The intake of calcium is important to maintain an adequate bone mineral composition. The low intakes of calcium observed in the present study could be associated with low intakes of dairy products (below the recommended 2 -3 servings/day in 42.3% of the sample), as these provided almost 60% (58.7%) of the calcium within the diet ( Table 2) . It was observed that individuals who met the DRI for calcium had a significantly higher consumption of dairy products (551.3 ± 240.4 g/day) than individuals who did not meet the DRI of calcium (305.0 ± 150.3 g/day). In conclusion, calcium intake was inadequate in this sample of the adult Spanish population. Therefore, an increase in the consumption of dairy products, as well as cereals, vegetables and food items fortified with calcium seems to be necessary to achieve an adequate intake of calcium and to prevent diseases caused by calcium deficiency. 
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